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(54) QUALITY MONITOR FOR LIGHT SIGNAL 

(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain a quality monitor 
in which a signal-to-noise ratio can be monitored by a 
single circuit irrespective of the bit rate of a 
signal, to be measured, by installing an optical pulse 
generation means or the like which generates a sampling 
optical pulse train which comprises . a specific 
repetitive frequency. 

SOLUTION: A sampling optical pulse generation means 1 
generates a sampling optical pulse train at a 
repetitive frequency in which the integral number 
fraction and the offset frequency Af (Hz) of a 
fundamental frequency fo (Hz) are added or subtracted. 
An optical synthesizer 2 synthesizes a light signal 
with sampling optical pulses so as to be input to a 
nonlinear optical material 3. The nonlinear optical 
material 3 generates a cross-correlation light signal 
between the light signal and the sampling optical 
pulses. The cross-sectional light signal is converted 
into an electric signal by a photoelectric converter 4 
so as to be input to an electric-signal processing 
means 5. In the electric-signal processing means 5, the 
peak value of a cross-sectional electric signal is 
detected and analyzed, and a signal-to-noise-ratio 
factor is found. When the value of the 



signal-to-noise-ratio factor is found, 
the transmitted light signal is Inspected. 
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3^TJte«#<DftH«l2*ffa, a+Gbit/s icLt 

«yigL®»»fO/nl-A f (Hz) $ 
0 (bit/6) ®3tli^*^aS LTl^lllP3t^««i=A* 
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im^m 1 ] □ -vf ® SE» f 0 (Hz) (DSist^© 

1 i:t>-r*McS'if-5lgy£L®aj»fo/ni-A f (H 
2) *fc(4fO/nl + Af (Hz) *«-r«1*->:?'J>^f 

imss*^' p <7 f 0 (Hz) <Dsa<s® tf k u— 

KN • fo (bit/s) «:&-r-6*<i*t. miH-9->:^U> 

oj -tit-fHoastvJQi^iartTJoii^SMfiroSKOifc 

[K«3n2] £:$:^a^<7a2tStfo (Hz) a>SI»fi|<0 
tf-y h-U-KN • fo (bit/8) **-r«atfi#*B«® 

i5iE»*^y p -y a«tt f 0 (Hz) a)sa»© 1 1 *>-r 

IcSfe-S^yjSLSaftf o/nl-A f (Hz) *fcl*f 
0/n1 + Af (Hz) a>^^z><f<7a-'j^im±^i>^ 
-f S p ^ t , 

3 ] mn^m 1 ^f=(d:si««2(=fBe0)3tem^ 

ru^/nj tu, */=»MStofcH<iL"<;u*y 
OJ ■5-*tf'*t<DJ&i)jpi^^rart-c<0¥J^fiU'<;i'a)Sii 

Q = /</ (ffi + ao) 



— TH-tk (/<;UX»Bi:*-f AXP5> h©lt) -7— 

(T-('i>^i>i/e2i(=fci+« ruK^nj ©»±jt 

*) SMt Ufci:#l=. 
. Nmiddle=Ntota|xDXM 

I?** *-t>- > 7f U > ^^jS» Nmi dd I e fc 9 L o fc t * 
Wthi * 

/ithO = Zaum+ i^—2.a)^^0 
UtM =Z(.^—a) un— (1-2a)/io 
0. 1 < a < 0. 4 

>d^ji!i©3Tb. a5e>A^i:«)^tofc2o©«igt©3T&st^ 
«rt©jS»* ru'<;uoj tL, ru><;nj t ru^ 

;i<oj •?-*L-r*t©&«3pj5^rarti7©vis<iu'<^u©s 

l^^B1rt-c?©S^<lSfi©fO (ai + CTO) ©it 
Q=|i' / (ai + ao) 

[fit^^ise] n3is:s5icEiE©j%m#AK%=.^(=£ 
msim^mm^mt, &^A'i:«;>i$£©^fgin(=aq3tL 

fc-9->:fy >^fMi*^C.U'<yU©tX c 
©tx h^^A©U'<;ug:*:<iA>e)-9->:fu>^^i!5ia$ 

— x-fit (/<;i';^(Bi:$'-<AXP^ h©ifc) V— 

^) SMtLfci#l=. 
Noiiddle= Ntotal x D x M 

17**-6t»->^y V^iiSaNmiddlei:!? L < JECofci^ 
©L/'<;u$4=PBlfll/ini t L. 

ilE t ;^ K ^5 Al=*JL^r U'^vug/hfiffliiA^ e.atDi^-y- 
©¥l^iS^O ^L. 
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/ithO = 2 Of Um+ ( 1 - 2 a) /lO 
fthi =2(1-a)/iin- (1-2o)^i0 
0.1 <a< 0.4 

rU'<7U0j (OliSB$/iinin Bl±iithO ISlTt L. Tu 

ea6R*^fe^^tt Lfc3tm^a)S*^' a ^/ f 0(H 
z) ©SSft^^OI A^P>:^-7»■b•y hliaSSftA f (Hz)$iJOa 
UfcSaSSf 0/n1-A f (Hz) *fc(*fO/n1 + Af 
(Hz) ©4i-f S>^f^;Pry^?*«±-i-«*'f 5>^/^»P 

/nl-Af (Hz) *fc«4fO/nl + Af (Hz) "P, 

-f S ^7 □ •> 
S*^n»/^yffl«»fo(Hz) *fO/ni(Hz) l=»«r 

A f = f 0(n1+ f 0<5 T) /nl(n1+n2+ f 0* T) 

lirtB^s $ P <7 m# & «i)8Bie£«a>tti^ t i& 

^L, S»af 0/n1±A f (Hz)©*-f SV^^^'Pt/^; 

UIH5^-y-ai*A^C> fo/ni-A f (Hz)*fcl* f 0/n l 
+ A f Q\z)a>m^&f&^O^^tiititi>/<l' K/<X7-C 

[ »3Rii 1 o 1 is«3a 1 (=iEe®3tii^fpa^ - * i= 

S*-j7a.y^@2Eaf o(Hz) <0Sa»<D1<D'J'a->->H 
»ftfo/m (Hz) *«-r*^»!«<?Py<?«^$A* 
L. Sit^^P'^^eiasacD&tt^OlA^^):!-?-!:"^ h@ 



SEKA f (Hz) «*naLfca»»f o/ni-A f (Hz) 
*fcl*fO/nl + Af (Hz) (D^i-fSV-y^'P^/'J/Sfl 
±-r -5 ^1 -< 5 V-J^^ □ -v ^7 . 

/nl-Af (Hz) *fcl*fO/nl + A f (Hz) -p. 

1 1 ] gs^^ 2 $r=i4fi|^4l 1 o \ztm.a>% 
^1 -f 5 :y{f<7 P ^«±*ai4. 

^^p-f^^aaafo /m ot) o^mif?^^*?^^^ 
s*/7a-;^7sasaf o(Hz) ©sa»o 1 ©saa f 0 
/nl(Hz) icg<&*fci±»®-r€.a<&»*fci*»s» 

nfSit\.fzt^[z^ 

Af = f0(n1+f0«5T) /nl(nl+n2+f0*T) 
■eS**t-6:<-b-b-> hDJSaA f "CfES-r-SfESSt > 

ai*i:$;1^t, SStaf 0/ni±A f (Hz)©^i-f 5> 

^/^^ p ^ « 5 ^-y-i , 

frlB5++)-ai*3!)xf. f 0/n1-A f (Hz) *fcl4 f Q/ n 1 

+A f (Hz)®saafifc»ro«^*ai*-r*/<> k/<;^7-< 

* -r 5 >{f P ^» ^fl6±#SI*. 

s*:/7P-y/»saafo(Hz) (osa«-© 1 ossta f 0 

/nl(Hz) *xe., nl. n2*e«SatL. fiT*-9-> 

A f = f 0(n1+ f 0* T) /nl{nl + n2+ f 0* T) 
■eS**tS:*-lr-b^ KSaaA f *»l«Lf:Haaf0 
/nl-Af (Hz) *fcl*f 0/nl + A f (Hz)-eJEg-r 

lm■»m^3'^ m■sftmB^tz^tm1lltm^olzn«i(^>^ 

[««:® 1 4 ] aUtVi 1 3 l=IE«©*<i#fiH^-* 

4t-f*ilIX-r-6 2o©<i5t«» (Psig.p. Psig.s) . 

(Psam-p. Psam.s) (z^^ML. * f>l=-f-©Sf>(cil3i 
'ti>f&i^^± (Psig. p, Psam. s) . (Psig.s, Psa 
m-p) *«3t^«U-C2oa)ajAi7K— K=tia*-r*iiss 
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^nm^^m^m^m-^ & tu a $ 2 nkmom^t^m 

*v-e*ilIX-r-5 2 0(D<iJtfi6» (Psig.p, Psig.s) , 
(Psanip. Psam.8) ic^RflL. * 5>l=-t<DSLMcE3t 
■^■6Bt^}'I^± (Psig.p. Psam. s) . (Psig.s. Psa 

m.p) £{@jt&fieuT2-:>©aia3;K— n=ui*-r*«» 

jt(=«ux, ■t*v^'*v«s«iajt<i#*«**i*-6 2^ 
li}tB2S^tta>4is:4iildfee#o!>$'r s :^^^^t>-\txM 

[ffi3it4i 1 6 ] st^^e 8 ^t=(i8i«]a 1 o iztzvLont 

ffl***tfc-9->:^'J ></Jt/<.>u:^5<lt *3fe^aigT?^a 

1 7 ] 1 6 lz«iKia>iftm^B,li=^-9 

*i-P*vEX-r'5 2 0©fiJttfiR«- (PBlg.p. P8ig.6) , 

(Psam. p. Psam. s) {z^mL. * C.I=-t©StM=iSS 
t'Sfi6iJ'l^± (Psig.p, Psam.8) . (Psig.s. Psa 

m.p) imift-B^Lxz-^om^Jti—hizm^r^mx. 

-rs2?s«t(D*ma«st. 
#a(c2im-r«*n»0tti: jt/t :i t * «*«i-r 



*i-f'*va3t-r'6 2-p<De3tja^)' (psig.p, psig.s) , 

(psam. p. Psms) l=^ittL. $ &l=^(OSl^l=if !S£ 

f •SJiR^J'l^i (Psig.p, Psam.s) , (Psig.s, Psa 

m.p) ^<@it^fiKLT2o©ai*7K— KctaA-r-saae 
[000 1] 

«)3t<i#fpS*-'5' (=ia-r«. 

[0 0 0 2] 

1990#ftl=1ft»Wtt-*'y h-?— !»I8«6 
4ii§^^ot=SDH (Synchronous Digital Hierarchy) 

•f ^S$4>»llfSi (B I p-8) . $S1k«S»4iSrB^ 
(Bl P-NX24) ■p-€-*t-P*vll«6-r-5citl=J:y. 

#S<b»$a-rS TM-NON-Pfcy , 156 Mblt/s © 
STM-1*»*i:L. •t©Jia<&<DPgttSSTM-N 
tS-r. N=1. 4, 16, 64iib<@Ba«(=Sftl**i. 

TL^4. B I P-Mtt. iaMv hfc^ro/l'J-T-^feaSS 

@i»L, Me?/ »-o!)«2if<!/ aiffiWT?? 

i:t(=ea|-r'5. S<i«|-ei*. (^«0/<'Jx.<«2*fi 

^■r « c t ic J: y esiK y $«m-r « . 
[0 0 0 3] 131 8 li. «£3lsa>Ky^siim^a>»jS#l$ 

S5 1 - 1 -e^tt^F^i, itiitsss 2-eii*s**t, 
i=3t5i'i*S5 1 -2T?2»tt$*i*o atii'KSs 1-2 
$ *i.fc-:S<»5t<i^i*^ □ -y ttda @K 5 3 (c A 
jtm^coe-y hu— KN f 0 i=(Si:fc-?n?/f 
f 0 *<ttiii*=h.i)o 3t»«g5 1 -2-e^^tt$*tfcffe:^ 
©3tli#i*g<ilElK5 4(=A***v. *e>i=*©ai*A< 

&/.;«|gy««^tll[Bia5 5l=A^$tl-&. S@gll%5 4 
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5 4, Ky*85dilHll»5 51*. jtli^Wef hU— K= 

^^-^l=«^ELfcKy*«^ll^^Tafci^(=l*. €-e-y 

[0 0 0 4] tC^T?. eai*>XxA<0IMi$fT5C= 

I*. <i#<Disy^^ii«a?s-r«:*^*<-ii6W-efe-s. 

too 0 5] -td-e. ia»JS©B3M*a:<k*1*fci:#l= 

^ y ^oieiPiA^ &fiani^ jj;i-T?(oig y ^^tts 

•r«:;^^*<%^*^fc :N.S.Bergano et a 

■..'Margin Measurement in Optical Amplifier System 
s". IEEE Photonics Technology Letters, vol.5, no. 
3. pp. 304-306) , B 1 9lC3lfe«<i©7-r/<*>j3<fet; 

*<a:*:l=ft€)^iS (BI»j7K-f>h) (cfet^T, KS'JS© 
B9ffi$K<b$i±-&c:^i=j:y. 2fiiesio>«ft(D r/\ 
-fj *fci* rij i,y<jit. rp— J *f-i* roj U'< 
7u®*ii»jsfftv -troi^oKyroa^^aii^s-r*. 

[0 0 0 6] SURICI*. H2 0l=55-rj;a<i:^n'y^rtt 
ttlll]»5 3. atmS;«S5 6. ^^m^JftS^RS 7(= 
J:-5»13E^^««L. Ky*a)Sfi«E#l±*^t.<i#M$l 

:b«. eSI8&A^&a>jfee#(0-flt$3t£SK8^S5 6-eS 

aii^(cx«L, c©fist<i#t^D^'i7ttaiiH]s&5 3 

J:5«SSlS#ffi31^»5 7l=AAL. Bl 9a>J:d^<C 
[0O071 Jl©r'f/<5'>©T-<BaPA<g*t<f-6^ 

rato (=«sl^-c. m^mns mTiiimmm) ^umt 

2ffigS©«^<D ryWj *fc(* rij U^;K7)St 

^®«*{iS$ai(to) . ro-j ^fc(* roj U'^vu 
(on'Bommmm^ aocto) ^ tf=^ €ri=. q (toxti* 

Q(to) = /i(to)/(ai(to) + ao(tO)) "(l) 

•St, Ky^<D«t^««■el±lay*pi:Q^il*. 

P= (1/(Q(27r)1/2))exp(-Q2/2) -(2) 
[0 0 0 8] 

[%^/)<ffli»LJ:?^-r'&SSa] LA>L. «t3lE(0Q{i»l 

^mt. 02 oi=s^-r*5(-3tm#$ma<i^i=a»L 

y. j«Jfel?«3fe<i^0!>lf^ Kl — h*<40Gbit/sSjt 



[0 0 0 9] 7-<BaP!i)<fi:*i:<f*«^-ca)Qtt 

^ICI*>yj&T?^'S:A''-ofc. tt*(DQfll»J3t^l*. 
(0 0 1 O] *fl6MI±. S^ofchf-y l-U— hro-x-f S? 

^=.* *««-r -S C i: * BWir-r *. 
[0 0 1 11 *f=. *«B^|*. JS+Gbit/s KiJiroe-v 
h U— K<D3t<i^lc=tjy(B-r-5wi:A<-C$*3tm#aS 

%-^$ll#(-r«::^$sn&-r«. $f=. :f:fSlfll*. 

[00 12] 

fiH^-^"!*. jfe^w^si^^yftn^oe-y hU— h 
■cfc*. eiT, -tcDS^iifiSiroL^-csiis-r*. 

[O O 1 3] B 1 1*. 8l:4t]6 1 l=fBn(03f6«^an%- 

sjfe<i^i*. jtfiBfiaojsig . s*^o-y5HajjSf 0 

(H2) OSSite© e K U— h N ■ f 0 (b i t/s) ( N = 

1.2, r-) -y-^^y jt/<;uxf6^#S: 

II*. itSaS»a)sam > S*^' n f 0 (Hz)© 
fia»©1 t:«-7-bry KSifiaA f (Hz) «*DaUfc*g 
ySLSattf 0/n1-A f (Hz) (*fcl*fO/n1 + 
A f (Hz) ) (nl=1. Z. -) V. /^Jl^7.i/Shzf)< 
3t^^©4''f A^P-V h*y+»l=Sfct^ (Ar-«1/N 
f 0 ) -^Ir^ylfJty^filtfijV^m^-tio 3t*a»2 

I*. i/im^t-^>zf>j></i/tf^)vyi,i^»Lx$%mti&iit 
^*t*43i=A*-r4. 

[0 0 14] if«HKjt^««3i*. z^o^mm^^i&i 

S©--3-efc«faSa3lfe»* (S FG : Sun Frequency . 
Generation) (.^^X^Z-.nSi ^. r|o@aSdtfe± 
^fflU^fc3t-9■>:^y>^l=J;SffiHS3ta^^^»l3ESfeJ , 
S?-««a«gs^68i3ttt. B-I. VOI.J75-B-I. no.5. 
pp. 372-380, 1992)A!>M®a65fe«± (D F G : Defferen 
ce Frequency Generation ) . 3 ?)l©lf ^Pit^JftST? 
fc^raJtS/l^ (FWM : Four Wave Mixing) (#%S: 
IttS : P.A.Andrekson. Electron. Lett. 27, p. 1440. 199 

[00 1 5] B2(a). (b). (c) I*. -tiK-PHS FG. D 
FG, FWM(=^lt-63feS«»©B8«S*-r. SFG 
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it. H2(a) lc^-rcfc5(c. 5feS>S»wsig O^m^t 
FG(*. 02 (b) lc5^-rj:5(r. %mm»a)s\g o>iftm 

[0016] FWMfi. -mzs-ocDxm^ (ataaKK 

0)3) t<»±r^m9iV&i>ii<. 5t-9->:^'J>^/lcj6ffl 

(DT?. aft 2 OCD3fea*<Jiai (£0i = aJ2) LfrFWM* 
*iiffl-r^o oil . 0)2 LT3tH2SaaJsam 

ojsig c755t<i^^ASt-r^c^iCcfey. 02(c) (c^-r 
[0 0 17] ;z;i-e. if>:^»j>^5fc/<;u^a>|gy3gL 

(±EB#*:itiK2) o 
[0 0 18] -r*:*^*. ffiH*iBS3tji^*3tS^ftS4 

(iSlKDfP (cri + ao) O)* 

Q=/i/ (ai + ao) -(3) 

[0 0 19] CCT?. ±fEa)BHBU^;U/ith1 . wthO 

®3!)^t>it>:^'j></^a*e»L. it>:;^y>^jsaN 

middled: «><'S -3 ^=^^<^L^'<^U^*61{i/im ^"T 

€>o -y-^:^'; v^^^aNmiddieJ*. ±i;^>:^y> 



(c*5i+^'7— ? rij <;>«*«*) iMtLfzt^lz. 

Nmiddle=Ntotal X D XM - M) 

iil =2(/iin-/:io) + liO -(5) 

[0 0 2 0] :»ic. ±Et;^ h^^^Alctel^ru'<;^g 

/^ffiffl*^ fi*D (ci^^ > :f u ></^a*< e— & tt i: ss * u 

UthO =U0 +af(/il-|io) 

iithl =/i1 ~of((il-/iO) —(6) 

iriftS-r^o fc/£L. O<a<0.5 tf^o Z.a> (6)S 

^thO=2af/im+ (1-2af)|iO 

/ithi =2 (1 -af)iuni- (1-2a)/iO —(7) 

[002 1] J6l-h(D:&ftt?»5eLfcHffl[U'<;i./ithO . 
/ithi ^±^SM*>e>*i6fr*^S<Dt:X h^^AJCck 
y. rt/K^nj ruKyuoj (D^i^fli/ii . /io ^ 

<fm^«$t^it«a (Qfi) **i^^o 
[0 0 2 2] ca>m:t»$tt^li^«6aQi*. 
«Jt#itrc 1 « 1 fcm-r ^«8SS-e**o Lfc*<o 
ca>Qfi*3ti^)^c^(cj:y. eaiLr*fc3tffl# 

[0 0 2 3] H5Ji. ±fE*a-e«ift>fc¥iaW<fQ(i 

*o, 1 ic-r^^-9->::^y ^^iSa^^JS'^-r^fed/^. 

<3fe^o C4^^=*^LT. 0.1<af<0.4 CDS^Ii. 

:?y>^jaat+»-efcy. -s^pxTK-oKoKstui 

t TO. 99a>st>ii*<# b ttr t^-6o 
[0024] tfc*<or. a) 5*l=*5t^r. 0.1<a< 

[0025] ^fz. 06rc^-r<^5(C. tXh^^A^ 
ao) flOJt 
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Q = ^' / (ai + cTo) " (S) 

[0 0 2 6] tin. c<D^#(=(*. ^5^)xl^fcf>A^l:tt^# 

TJ iU. ru/<;uoj (DliSB* TiUmin fclJiiUthO El 
TJ i:-r*il*J:t^ (IS3t«6) , 
[0 0 2 7] 6l±KB«LfcJ;3(=. tt*t7*5 

•:/ hu— K=«f ut>®as»T?-T— coat y >i«^te*i;*"i 

UT^eiSrotX h^^^A^^to, CKDtXh^^A 

KL/— hN f 0 (bit/s) <oi/tm^i~*ts^-r 

&of=SIC+Gbit/s l»lJ:<D@iSSa>^fi-^(OeSt^S 
[0 0 2 8] 

[fe^(oiifi&<o]^i!§] (m 1 a>si«i}^fi§ : sittm i . 

7. 8. 9, 13) B98l«. :$:«qqa>3t1g^AR%-9(D 

[0 0 2 9] EicfcL^T. eal»A^e.s*^^»/^?aa^[ 

»fO (HzXCSattgOtf-y hU— hN • fo (bit/s) 
(N=1. 2, • •) SW'TSSfe^^A^A^^^t. ^^©ft 

<i#<»-fiPA<3t»ttSS5 1 - 1 -e^^tti^t*. 

[0 0 3 0] jtiJ^ttSs 1 -2-e«i4**ifc-:&©ifefi 
^ti, •S'-f £>^^?P-v^«±#ai it=A:*3*^. £ 

*^7P«/^sa£af 0 (H2)$aaiL, •?-<DEa^jo5 1 

hSattA f (Hz) *5ll^fc (*t=l*)bDx. 
fc) ^I'f 5:^'y^'P-y^ f 0/n1-A f (Hz) (*fcl* 
f 0/n1 + A f (Hz) ) ^«±-r-So S3t/<;UX«^* 
Si 21*. ^O^-f 5 V^f^'O^/^^^ffllxT. «y£L 

SSEaA<f 0/nl- A f (Hz) (*fclifO/n1 + A f 

(Hz) ) ■c/<;ux<iiA<3t<i#a)5i'fAXQ-y h.»:y+» 

[003 1] atiJ^ttS 51-2 T?»(tt**lfcfl&*©3t<t 
•^i:fiit/<yu:i^«^^«1 2A^P,Uj*$*1,fc■9•i/^•J> 

AT=T8-niTc = — 

-Af 

111 



*43irA*-r-5o ^fja}^3fe!¥*r«3tt. atfi^ir-y-:^^ 

<Jly<fiftJiJi^^(!>lS-KtSmiltm^ (SFG, DFG. F 
WM) ^«^*-t*-S. COfflSfflHitli^li. 3tSX« 

to. 5fem^©ss*es-r«>. w*ii=j:y. snfofct 

[0 0 3 2] CCt?. iai l=«^S*««i:a)«lCB8« 
i&5t-r. ^-f 5>y^n'V^?fS±#®1 1fe<fct;5®ife/< 

;u;^«±#Ri 2i±, ■»>->::f' J >^f3t/<juxfE^*s 1 
toic. jt^ttss 5 1-1.51-2 ^mi^x&m&oi^ 

[003 3] 091*. 9^S.ly<f<7a-y<?nSE.^Sl.<r>m 

aEafo/nis«±-r-6. ie«»i 41*. y-m 
ataA f 51*. ^D->^^aaaf 

o/nii:j-7-b-> hsseaA f ^;1^L-CS»af 0/ 

ni ±A f (HzXO^'f 5>^^a-:;^$^iaL. /OK 
/<X7W7U* 1 8A<5+-^f^^l*A^e. f 0/nl-A f (Hz) 

*fci*f o/ni+A f {Hz)o!>HaaBS»©**ai*-r 

[0 0 3 4] cct?. :i-:7-fe'> KSataA f OKS** 
HI 01*. 3te#t1*->:f' J 

^^-V-K-Cfc^o i^>-?y>-i/3t<oeiySLS3Ra(*. 
it<i^«)SySL®»afO«)1/ni (Oi^mizit^X 

A f ^-iit'h^t^oT?. 191 oi=s«-r*5«=. ■y->^y> 
'5^5feA;u;^i*3t«^^<Dffi*4<aE*S0A Tf e. l^ee** 
t.iS5i-r-6wi:(cnfi.„ c©ffi«tis<Drih,ATi±. -y- 
> ^y ><f%<i>tsk y fi Lsw T 8 (= 1 / f 8) t . 3fcfi# 

©1/nl ©^JSroSMnlTo (TO=1/fO)i:<'>S 

-e&y, 

[00 3 5] 

[ftl] 



(8) 



^B8¥ 1 1-223575 



s romt-t^o -tut)*), 

AT = n2TO+i5T ■••(10) 

(9) 5efcj;i;(io)sc*y. Af(4. 

I0037] 
[SIC2] 



Af = 



f.(n.-«-f.gT) 
mCni + nt+f 0*7) 



••(11) 



[0 0 3 8] ttj:^, titS^ n1 . n2 liS^SCCfe 

[0039] *«i«©-9->:^y >^^«c*jit 4i^ra»«fi6 
I*. ±(=Ji3fc/<vuxlE*#ai 2-c»*-i-«-9-v::fy> 
yjt/<;ux©/<;u;^*SA r i:, l^lS}&Jt^«*43©fSS 

Sffiicttsr*. 2 tun*. ^ 

*t€>a)ifcS*fflt^-6wt«=J:y. /<;UX»S1 p sKlT© 

sat/<;ux««*-r*c:iA<-i?^.s, ifta}K3t^«*43 

iUTI*, SFGe*^;DFG(=•^t^■C, 2Jft©|^tt» 
ifc^tt^-C&SKTP (»T-^KTiOP04) ■¥>LiNb 
03 m<Omi&*tm, AANP^(0«tt»»4, it^Stt^iSX 
B<f*<filfflT?#*. FWM(=-Pl^n*. 3jR<3!)|fe»3t 
^*4t? fc 7 T -f AS? ©CSS jK3tS3K»A<ffiffl T? * 
w*iP,(D«*4<DS6S)$ftl*f'-r*tt 0. 1 p s KATt? 
LfcA<-3T, £l±0=fc(D^ffiffl-r-6^i:l=«fcy. 

hU— haWGbit/s (^ffi^-T'i). 
[00401 at^sKS 2 t LTl*, ii«©3t* Sffl 
t^TtJ:l.>A<. «fii^fi*-^5*fflL^«.-il=<fey«« 

5ti?-9- > :^ y > ^ jfc/ i ^ ;i t A<-e 

*fc. ■9->:?y>^!^3t/i-;uxi3tit^fl)ii3t^iej 
*<iS3i LTL^«la#(=l*. «ae-Ax:^y -y^iic* y 

flaS^S-r « * 3 1= L T t, J: t^. 

[0 04 1] <ffc\ lf^«J5t^S?lSiLTS FG^fcl* 

DFG$fijffl-r'S«^(=i*. iftm^t->)->:f>j ><fi>t*i 
z'li&tes^j $iT5 2^coi^fii&a«6^«t«4$ffii>i>ie» 



3aiSi:L-CFWM^?iJffl-r-Sli&l=li. fflS« 
[0 0 4 31 lf«}B3t^«J|!43©ttl*3t(CI*. fB 

3^y v^^at/^yi'xom 2 .^Siaast,S6^-r * c i: 
it$«{b$«««»i=i«, imfi»af&^«t*^3^j%s%» 

[00441 (IK2(D9lt6)&ffi:SI^«1. 7. 10. 1 

1. 13) 01 II*. :^n^o^^^s,n'e-^a>mzo 

©*-f S^-y^n-y-i^fE^^Sl 1 l=«jcr. »*^?P 

(m=i. 2. •••) i:m-ri>mmm<7a^y'9m^iy^^. 

fO/nl-Af (*fcl4f 0/nl + A f ) <D$-f 

fflt^^>«fiEr=fc*. ncfe. :*-:7-fet/ KSiSEaA f l*±fB 
© (1 1) StlcS-:JtNT»S-ritili J: t^. •f-<»<fe©«fitl4?B 

[0 0 4 51 ^-f SV-y^^O'V-^SE^^Sl 6aj«tja 
I*. 09(6) (C^-r<fc3(=, t-y hU— h f 0 /m<Dffl 

[00461 9i^a>mmm^l^a>^-( ^Xf^^ay 
^ie±^»i 1 (09 (a))fe^J:i;%2a>|glfe)&fi|a!>^'r 

5>^^^P-y^7f6±^Ri 6 (E9(b))l=«jLr, 09 
(c) (c^f J: a (=. S*^ a ^> SSEaO)Ea»<0 1 (0 
^^p-y-^S-Xaf o/n1*^e), (IDSOJhP-b'y hS« 
aA f ^SoaUfc^i-f 5>-y^7P-y^ fO/n1-A f * 

fci*fo/ni + A f ^nm^^^mmi9-< z:y<f<?a 

«y^?«±#StU-CfflL^-C=fc*tv(|ft^:g12) . 
[00471 (%3a>lll&f[$flS : Sl^^l . 7. 8. 1 

3. 14) 01 2(4, *«e3©3t<i-^iPpH^-'S'Om3© 



(9) 
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[0 0 4 81 -r^f^**, m^ommmB^zisn^ift^^x. 

—U7.-y*) '^/^ 2 1 *ffllV ^Mii^— V\~%iS,^t.^ 

3t^«#43-1, 3-2. aSS7^^Jl/^3 2-1. 32 
-2. 3tmS»S4-1. 4-2$«iaL. 
S]ei^&ttlAd4t-&fBSIie9€m{i^$jbD@[il88 2 2 -eft] 

[0 0 4 91 cc-e, iiSEtf— 2 i icaA 

A;?.::fy?/5>2ii=A** 

f 42oa)li3tJ56^i- (Psig. p. Psie. s) , (Psam. p, 
Psam s) lC»ia**LS. ^LT. H=l±2 

at®StM=lg2fc-r*JS^J^I^± (Psig. p. Psam. s) . 
(Psie.s. PsaiiLp) ;b<ai3fed^fie$it,TdlA$tt'&. # 

-1. 3-2T?ffiSttM3fe«^(=««**t. *e.l=3feS 

st»»4-i. 4-2T?fflsfflgissni^i=s:»$H 

Pint =7} Psig. p Psam. s+ 77 Ps 
t <f «. (14) =*(= (12) 3S J: V(13) a* ftA-r « i: . 
Pint = 0. SnPsig Psam •••(15) 

;iw(i5)5Ci*, 2^tta)ffiSffiMjtli#roifo 

[0 0 5 21 fcr£L.. fiise— a;^-^';^/^ 2 io)5Jtt 
it©-r*i-¥>. 2o<Dif«j&3t^«©a:»ja^co<B«:s 
1= J: y (15) 5t*<B!i3i:i*r . *5r*Mceittt»i±*<± c « 

^<J!)U'<;UA<3t<i#©<i3t«IBI=«i#U«:t^J;5l=. JbP 
S^HIB 2 2 l=£l^T 2 S^ffi(D4iSlil9S$(m#<0 \^^)\^ 

[0 0 5 31 c©*5*aiaT?(i^«*t#itm5i]*^- 

[0 0 5 41 /.ffc. :*:ll^fi^^^Bl=fc^^Tt. sv^^ 
^»a^;^«±#si iicfts-T. %2.<jimm^tw^ 

0 / nl-A f (*fc(±f 0/n1 + A f ) <D^-f 5>^r-j7 
L^rtJ:^^ («3jifl|10) . ±2©*3I=»«»© 
J:l^ (»*3S12) . 

[00 5 51 (%'^<Hmm%:im.-^^, 7, 8. 1 
3. 15) 01 3li. :|:fSqfl(0jte€#fiS%=:$(D%4(D 



■c*D#**i.Tm^(i^«as#ia:5(cA:>3*4x. mi<DSi 

[0 0 5 0] *||J6jK!S-CI*s -y-V^'J >^f3t/<;UX5il 

45fi<fii,>fcii«ii3ti:-r-&ct(=*y, eae— Ax::^ 

y ^/ ^ 2 1 2 0(DlB3t^» Psam. p. Psam. s*ap 

— ^Psam t.'i'hii^ 
Psam. p= Psam. s= 0.5 Psam —(12) 

3t«#i*. iiae-Ax^y'y*2 i i= 

T, 3tli#i*<iiStf-Ax:^y':/5'2 n=j:y. ffg© 
z^"?— it© 2 ooaafeBt^Pslg. p. Psig. 6|c»BI**i 
•S. fcfiL, ;i*tt.<7)2fiE»©fOI*-ST?fey» 3te^ 

Psig. p+ Psig. s= Psig —(13) 

[005 11 If ^JB3t^S4sa)ai»«i** 77 1 

■r-Si:, lf««^3fe^««3-1 , 3 - 2 ■elE±-r«>ffl5 
«M3t«#©/<'3-®^»Pint I*, 

ig. s Psam. p —(14) 

©ftis:iH!s&2 2(=ftjt.r, 2ma©ffl5ffiia3tm^©^ 
•<5>^$atji®#^S2 3-e^t>i*. «sfte— Ax:^y 

•y^i 2 4T<@a^BaLT3tS««»4l=AA-r««rtll= 

[00 5 61 (^5©sijfefKis : . 7. 10. 1 

6) HI 41*. *«e«©jt1i^fpH*-4'©«5©Slli6 

Ji^fls^^-r. %i ~%4©iiiife][»ffi-ci*. <&iai%©3tt« 
#©fDS*tt2-r*fcie)i=. at»ttS5 1-1 i=<fe yat 

{g^©-ffi£^«t$1t'&ie^SA<&y. ei3IK©3t;ffi^© 

ffli?L*fctoi=^-$'i^'>-©»tttt$<a<-r-5i:. aflfciits 

[00571 :$:SgtE}^£©4$Old:. e2IBI=1^>-^y > 

it#i:ffi5t8Bi3t<i^$aKS^^K-r«>ci:i=<fcy. asi 

B&©3^fi#(=-^x.«lijl^$««-r««|j£l=ft«. 
[0 0 5 8] -fstPt?^. ^"f S^-y-^Py^^fE^^Kl 

f 0 /m©fflH»a'>p^'^?{i#*>e.ey«LS«»fo 

/n1-Af (*fcl*f 0/n1 + A f ) <J)-^->-^*) "Xf 
lfSJ^3fc^««3. aKfi7.f^U^«3 3^J*AL. ±3ilflll 

©eaiB*^e.aie)*tT#fc3t®^i-9->:^"u x^at/^yu 

^at^a^S 2 -e^at L Tif 3 (= A A 



(10) 
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[0 0 5 9] if^jK*^««3©iii*3ti*. i/im^ (ate 

sam ) . fflS:fflg93t<i^-efe*ifO®»3t (3tS«iS!ta» 
sfg =cusam+«'sig) ^tzlt^fS&ift (jteSStSkcusfg 

= 2a>sain— Wsie) "Pfc'So *fc, Sk<*ic*-3TI*, 3t 

fi#<o«235?SWa (3tsaft»2aJsig ) ■v>-9->::^'j> 

^^Jt/<yi/X<D«2?)jSSia (5tS«Ea2aisain ) 
■r€)C:i:t.fc-6. a[g7.<JU$ 3 3I±, w*vP,<D3t*>& 

u. sm<e^$&3i#gi 5 -cm 1 (ommpw^t 

loo 6 01 cioD^^ftfllfiS-c^^^JtWibl^ja^^- 

[006 1] (m6©|l!6}BE:|jS3j?]Sl, 7. 10. 1 

6. 17) iai stt, :^fiQ9a>atee#as'E-^(om6«> 
©tiffed «a-r -swfiEc-fe o T t^*. 

[0 0 6 2] ^j3S[«|a>e2iel;{>N&%e>*VT$r=3te1i^^ 

^fat/<;ux5ija>ii3ti*, eSEe— ax:?'J t/^" 2 1 ros 

— Ax^ij 5*41 2 1 Tilt, atfi^t-y-i/^u >^f3t/<;u 
x5iji*-t*i-f*til3fr4 2oro{iit)a» (psig.p. PS 

ig-s) > (Psani.p. Psam. s ) iz^m^ti. 25te0>St^ 
l=£3(-r«A5i^l3± (Psig.p. Psain.8) . (Psig.s, 
Psam.p) *<ii3fc***HTSft«ffi*»t<— KctiU** 

[0 0 6 3] «-ai:*i7K-hl=tb*$*ifc3tm#*5*l/-9- 

«S}^3t^«*43-1. 3-2-efflS*BH3fe«#(::aE«$ 
*e.i=*S7-r;u^' 3 3- 1 . 3 3 - 2 -c-t+i-f^t 

iiK e— AX :^ 'J -y 5 2 6 vm&^is. vxTMmaymm 

mt. •t*tf'*v3ftBS»S 4 - 1 . 4-2 T?«S«l!8ffi 

* C(=i)ns@i82 2-eftjm**tTm 
afi^iB3i#s 5 1= A* * Si ©njsj^® t mmz 
9&mLxm^i^fima.%tSLQi7if,ib. atett#a)j&R$«i 



[0 0 6 4] za>i^5tj:mfs.vm^nmmitm9i\'&'^- 
[0 0 6 5] m7<Dmmmm■.tR>fim^. 1, 10. 1 

6. 18) Hi 61*, *«Ma)3tlt#aH^-5'©»7© 

[0 0 6 6] :$:sifiEii^fi-e». %^<iimm^<i>nam 

K2 2l=ftx.T. 2mtt©fflSfflillit«#©^«'f 

*atjis*K2 3-e^*?i*. iiae— Ax:*''j^a»2 4 
T?fia*«L-c3fes««S4(=A*-r««iia-cfc*. * 

[0 0 6 7] (SStOHt&ii^lS : fit^3S2) Q1 714. 

a^roe-y hu— hN • f 0 (bit/s) (n= i. 2. 

»tt8g5 1-C»tt*H«. e2ltt»K-H:« 

tt«5 1 -e^tt^tvfcatinti*. at«««si6 1 -cbsr 

m^(cS:»**vTsa<i^«i3i^s 6 2 **i«o 

ateSS»«6 1l=AA$tv«ateffi^a>%S;(i<£i;J 

[00 6 8] ^i-rS^^^^^P-y^^^^Se 31*, 
■^o-yJ^saSftf 0 (Hz)(0Sa»©1*^'b:^-7H2'y hS 

aaA f (H2)*jioaufcsaaf 0/ni-A f (Hz)* 

fcl*fO/nl + Af (Hz) <0^i-r S^^^^P-y^?*** 
-rS. 3^*5. ^-l'5>-y^?P-y9«±#S6 3l*. BO 
(a).(b) l=^L/=1ifie*t=i4ia9(c) l=^L/=%£S<0 
^*i©«fiR©Lxr*t-etJ:Lx (B|««9. 11. 12) „ ft 
fc\ 09 (a) SJS#(=I±, ati^<ftS5 1 tat 

mX«S6 1 i:©rai=at5>ttS^ESL. 5><SLfc3te<t 
^*5"r 5i/^^^P-:;^«±#K6 3lcA*-r€). * 
Bl9(b) a>4il£$^-&««(=l4. PMin^a:y^« 

[0 0 6 9] SSHl^«l3S#^a6 21*. C©^i-f5>^f 

□ ^7 *fflt^TBSl«#*■y■>:^•J v-y Lxat^fi© 
tx h-y^A^slS-r*. -f-LT. -trotxh^^A^ 

oj -t+t-f*v©fc4Jpi9^IBlrt-eospj^<ilU'<^uroS 
«), at«^<»ass«i2-f 

[0 0 7 0] %'mmm<r>f^mt. m i fe^<):t;±fBa># 
llJ6JBJSic*-4-ata-e<D-9->:^'j>^^o!>«*9yi=. ssi 



(11) 
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6) o tzt£L. «J6-e#-i)3t1i^<oif-:/ hu— i/t 
a+Gbit/s SiS(c*IK**t-S)o U*^U. SSe-:/ hU 

[007 1] 

f> looGbit/s »a>j£fesi=t7f=-&|gS(a>e!y hU— h 

[0 0 7 2] ^fc. a+Gbit/s m&-^va>t/tm^a>s, 
Tt«^««t«ttff» (Qfll) 

[0 0 7 3] itiitSS* *»8Si: LTfflt^fc*:? 

tt:*:*fcl*3tS-r*wtl=J:y, SDHliA^y-e/.f < p 

[B2] SFG, DFG. FWM(rfc(t«3tJSa«©ii 

[633] Ba<i#«131#S-eSi|3t$*t*it^atX h^r 

[B4] B9fllu^;ua>i9(%^$6t^-r«B. 

[|9 5] ¥)^M<j:Qfll^ 1^181 to l=^^lt«Qtt^a>BSfiE 

[Q6] ms.mm&m^SLvmms*mft^&tiy^\'<f 

[0 7] affiu'<;K»*ssfe*Bies-r*B. 

[08] :$in^0>inm^B,n'^-^omA(Dmmm^t: 



[09] 4n'5>':^^?p>y>>«sfe^R©«i«eii*3i-r:' 

P-V^7 0o 

[010] 3t<t#<t-9->^y>^jt*5.ki;«±Lfcfos 

[011] :^n^no>ift1S'^&n'^-^a)mz<ommmm 

[012] :f:%^o>jt<i#sa'e-^a>|g3 0>ii$&)^s§ 
S^nt-r:?D'y^?0, 

[013] :^^^n<Di>tm^aft'^-9<i>%Aommmm 

[014] :t:%K(Dj^m^faS%-^a)||5(0|lte]^S 

[01 5] :^9eBj(Daf£e^jaR%-$(D%6a>iififii&ffi 
**-r^o*y^'0. 

[01 6] :f^nfa<o^m^&R^-^<Dm7 0>mmi&m 
[017] :^^fiRo%m^aR^-^<»f^8ommmB 
[01 8] ft3tEa>Ky«iqssgo!>fltfiE«q$^t-:7Dr^^ 

0o 

[01 9] stii^eDr-f/^^i^as^i/jfc^stx h^jr:^ 
AS5«-r0. 

[0 2 0] iftm^0>T'<f^^><l>m^f^t:^-tyoy{7 

0. 

[)?#a>Siqq] 
2 

3 I^ISi^jt^lt^ 

5 fia^i-^jias^e 

11. 16 iJ'f 5>^f^»o.y^«±*s 

1 2 fift/<;ux«6±*a 

1 3, 1 7 s*e-y H/— h^'f 5>-ir*fie*s 

1 4 

15 5+-9- 

1 8 /<> K/<X7-< ;U5i 

2 1, 2 4. 2 6 eatf— Ax:?y ry* 

2 2 mu^m 

2 3. 2 6 

3 2, 33 a^fi? < 
5 1 it»ttS 

5 2 jfclSffilS 

6 1 3t^3Eft» 

6 2 €§l{g^«iai#IS 

63 *-f 5>y^»P^;^«*#a 
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[Q2] [1331 



(a) fom^m. (SFG) 



Psfs 



(b) ^mS^ (DFG) 



Ps8D 
Pdf« 



<U4fs '"Bis 

cc) wmm^ (FWM) 



6>S0D 




*>fTO <«>$i8 




[B5] 





12 



la u 15 J 

imti IsUtit^eQQ <dB> 



[041 [1^6] 
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[137] 




itsut 



mt 9] 




[BI9] 



(a) 



18 



♦ f o/n, + A f 
f o/ni-Af 









Nf 0 








^13 





f ,/n,±A f 



Af 



14 



(b) 



♦ f o/ni+Af 
t.tz.{i 
f o/ni-A f 



"•^ 1 



» 


£4^t: y h b— h 




f o/m 













fo/ni±Af 



15 



14 
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f o/ni+A f 
f o/ni-A f 
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